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A Study of the Reduction of Diesel-Engine Emissions for Off-Road Vehicles
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Abstract: To meet the requirements of the Tier 4 interim regulations for off-road vehicles, emissions of particulate matter
(PM) and nitrogen oxides (NOx) must be reduced by 95% and 30%, respectively, compared to current regulations. In this
research, both the DPF and HPL EGR systems were investigated, with the aim of decreasing the PM and NOx emissions
of a 56-kW off-road vehicle. The results of the experiments show that the DOC-DPF system is very useful for reducing
PM emissions. It is also found that the back pressure is acceptable, and the rate of power loss is less than 5%. By
applying the HPL EGR system to the diesel engine, the NOx emissions under low- and middle-load conditions are reduced
effectively because of the high differential pressure between the turbocharger inlet and the intake manifold. The NOx
emissions can be decreased by increasing the EGR rate, but total hydrocarbon (THC) emission increases because of the
increased fuel consumption needed to compensate for the power loss caused by EGR and DPF.
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Table 1 Emission Standard for Tier 3 vs Tier 4

T i Tier3 Tier-4 Interim
PM(g/kWh) 75<HP<100 0.4 0.02
NOx+NMHC NOx 3.4

<HP<
(g/kWh) 75<HP=100 47 NMHC 0.19
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Engine
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Fig. 1 Schematic diagram of experimental set-up
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Table 2 Engine Specification

Engine 3.4L Water Cooled, T/C
Power 75HP(56kW)
VE pump,

Injection type . s
! P Direct injection

100Mpa

Injection Press.

Valve type 4 Valve

Table 3 Specifications of DOC & DPF

DOC DPF
Material Metal foam Cordierite
Volume 2.7 liter 5.7 liter
Cell size 580, 800, 1200 gm 200CPSI
. 57.3mm(ID) X 125mm(OD)|, _,, R
Size X 280mn(L) 7.5"(D) X8"(L)
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Table 4 Power, BSFC and dP results

SPEED EGR
(rpm)

EGR+DPF

Power| BSFC | dP power | BSFC dp

2300 |-2.10%] 0.70% | -10% | -1.75% | 4.80% | 241%
1400 |-0.40%]-1.20%| 4.5% | -2.13% | 4.00% | 212%

Table 5 Test results of NRTC

CO | THC | NOx | PM |POWER
(2/kWh)|(2/kWh)|(g/kWh)(g/kWh)| (kW)

BASE 1.500 | 0.371 | 5.481 0.1 7.846
DPF 0.000 | 0.066 | 5.196 | 0.035 | 7.808
DPF-EGR
(duty 80%) 0.014 | 0.062 | 2.436 | 0.059 | 7.740
DPF-EGR

(duty 80~95%) 0.208 | 0.048 | 2.948 | 0.022 | 7.785

Tier 4 interim| 5.0 0.19 34 0.02
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